Abstract: Hydrogen titanate nanotubes (H-TTNT) were synthesized by the alkali hydrothermal method followed by proton exchange and then submitted either to thermal treatment or to acid hydrothermal reaction to generate TiO 2 -anatase nanocrystals of different morphologies. The samples were characterized by XRPD, TGA, sulfur analysis, N 2 physisorption, UV-Vis spectroscopy and TEM. Their photocatalytic activities were determined by measuring the NO conversion in inert gas stream passed through the powder catalyst bed under UV radiation. Incomplete transformation into anatase resulted in nanomaterials with low activity due to coexistence with H-TTNT or TiO 2 -B precursors. Anatase specimens derived from H-TTNT aged in strong sulfuric acid media contained equidimensional nanoparticles, but retention of sulfate negatively affected their photocatalytic activity. Combining milder acidic pH with higher aging temperature, allowed synthesis of a sulfate free anatase with the same optical properties and specific surface area as the counterpart produced by calcination of H-TTNT at 550°C; however, the former exhibited truncated bi-pyramid nanocrystals and the other adopted the form of nanorods. This latter showed the highest photocatalytic activity for NO abatement, outperforming the benchmark photocatatyst TiO 2 -P25; this improved activity was tentatively ascribed to the maximization of high energy {001} facets in anatase nanorods formed during calcination of H-TTNT.
Introduction
Exploitation of the photoelectrochemical properties of semiconductors to degrade pollutants into less harmful forms was first proposed in 1977 by Frank and Bard [1] . The process known as heterogeneous photocatalysis is based on the UV/Vis irradiation of semiconductors leading to photo-oxidation of inorganic and organic compounds and eventually to their complete mineralization. Among different semiconductors, TiO 2 is considered to be an almost ideal photocatalyst since it is relatively inexpensive, chemically stable and its photogenerated holes are highly oxidizing [2] .
Nowadays, a great challenge faced by materials and chemical engineering is to improve the activity and functionality of TiO 2 -based photocatalysts, aiming at their effective application for pollution remediation in both gaseous and aqueous environments. Advantages have been claimed for nanocrystalline TiO 2 materials for photocatalytic purposes, based on their much higher surface area and possible quantum confinement effect, which can result in increased bandgap and shift of band edges yielding larger redox potentials [3] . These intrinsic advantages have stimulated the development of new synthesis methods for obtaining TiO 2 -based nanomaterials [4, 5] . In particular, the alkaline The effect of anatase crystal morphology on the photocatalytic conversion of NO by TiO 2 -based nanomaterials hydrothermal method proposed in 1998 by Kasuga et al. [6] can lead to the formation of nanotubes, nanobelts or nanosheets of layered titanate structures, starting from pure anatase or rutile powders. However, it is generally observed that layered titanate 1-D nanostructures are inactive [7, 8] or exhibit low photocatalytic activity [9] for the degradation of organic compounds in aqueous solution.
Nitrogen oxides (NO x ), mainly consisting of NO and NO 2 , emitted from the exhausted gas of automobiles, combustion of coals and from stationary industrial plants have become a serious environmental issue [10] . For example, NO x are responsible for the formation of acid rains and for photochemical generation of ozone in the troposphere, causing diseases of the human respiratory system. There is, therefore, considerable interest in the development of alternative methods that have potential for use in abatement of NO x .
In this study, the conversion of NO using the photocatalytic properties of distinctively nanostructured TiO 2 materials has been evaluated. Hydrogen trititanate nanotubes obtained through the alkaline hydrothermal method have been used as the precursor for developing different types of TiO 2 -based nanomateriais. It was previously pointed out that calcination [11] [12] [13] or acid treatment [13] [14] [15] [16] of trititanate nanotubes/nanorods can be used as routes for developing TiO 2 -based nanomaterials with desirable photocatalytic properties. In order to convert hydrogen trititanate nanotubes (H-TTNTs) into titania nanoparticles, the TTNTs were heat treated at different temperatures or subjected to acid conditions, and afterwards thoroughly characterized. Their photocatalytic activities for conversion of NO gas have been measured and compared with that of commercial TiO 2 Degussa P-25, considered a benchmark photocatalyst. Special attention has been directed to evaluation of the effects of different crystal morphologies and crystallographic facets of the pure anatase samples, obtained through thermal and acid post-treatments, on the photocatalytic conversion of NO.
Experimental procedure

Synthesis of trititanate nanotubes (TTNTs)
The synthesis of TTNTs has been performed via an alkaline hydrothermal route optimised in previous experiments using a commercial TiO 2 -anatase powder (Tiona AT1 from Millenium) as precursor [17] . A stainless steel Parr bomb (model L-5000) equipped with electrical resistance heating, temperature control and a magnetic stirrer was charged with 1.68 g of the TiO 2 powder and 21 mL of NaOH 10 M and heated at 140°C during 48 h. The white precipitate formed was vacuum filtered, resuspended with deionized water in weight proportion 50H 2 O:1TiO 2 and filtered again. This process was repeated three times resulting in a filter cake free of unreacted NaOH (filtrate pH~7). The material as prepared contained 9.93% of sodium, as measured by flame photometry.
In order to obtain hydrogen trititanate nanotubes, the filter cake was additionally resuspended in water (pH=9) and its pH adjusted to 1.5 through addition of 1 M HCl solution. The suspension was agitated during 10 min followed by vacuum filtration and the whole procedure was repeated twice. Finally, the filter cake obtained in this way was washed with water in order to remove the excess of HCl. It was then submitted to tray-drying in an air-circulated oven at 120°C for 15 h. The resulting material contained 0.08% of sodium, as verified by flame photometry and was labeled A1. In accordance with previous studies [18, 19] a layered titanate crystal structure with chemical formula H 2 Ti 3 O 7 was ascribed to the material as produced, which was divided into different parts to be submitted to several distinctive post-treatment conditions as follows.
Thermal post-treatment (calcination)
The material as prepared, labeled A1, was calcined (heating rate ~ 10°C/min -1 ) at 250, 350, 450 or 550°C for 2 h in a static air atmosphere. These samples were denoted respectively A2, A3, A4 and A5 (Table 1) .
Acid post-treatment
The sample A1 was diluted in deionized water (10:1 water to solid) with a resulting pH around 3.5. Then, the acid treatment was performed with H 2 SO 4 1M to achieve the target pH. The experiments were conducted in the Parr reactor at two temperatures (80 and 150°C) and three different pH conditions (0.5; 1.5 and 3.0), according to Scheme 1, producing six different samples, labeled from A6 to A11 (Table 1 ).
A1-TTNT(H
2 TI 3 O 7 )
Scheme 1. Acid treatment conditions
The products were separated by filtration and washed with water (50H 2 O:1TiO 2 ) aiming to remove the acid in excess. Finally, each specimen was dried in an air-circulating oven at 120°C for 15 h. All powders showed whitish aspect with exception of sample A9 that exhibited a greenish blue shade. X-ray fluorescence analysis revealed the presence of chromium
. Contamination of this sample was probably due to attack on the stainless steel reactor only under the most corrosive conditions, i.e., the highest temperature and acid concentration were experienced in preparation of sample A9.
Characterization techniques
Phase identification was performed using X-ray powder diffraction (XRPD). All specimens were analyzed on a powder diffractometer (Rigaku XRD-6000), operating with Cu Kα radiation at 40 kV and 35 mA, using step size of 0.02° 2θ and step time of 5 s. The XRPD data of anatase rich samples were further analysed through size-strain analysis using Topas-Academic software.
Morphology and dimensions of the materials as prepared were thoroughly studied using Transmission Electron Microscopy (TEM) and Selected Area Electron Diffraction (SAED). TEM images and SAED patterns were recorded using a Gatan CCD camera on a JEOL-2010 microscope operating at 200 kV. High-resolution images were obtained in order to study crystallographic facets of different anatase nanocrystals. Specimens for TEM observation were prepared by dispersing the powder in alcohol by ultrasonic treatment, then dropping onto a holey carbon film supported by a copper grid.
Diffuse-reflectance UV-Vis spectra (200-800 nm) were acquired at room temperature in a Perkin-Elmer Lambda 900 spectrometer, using α-Al 2 O 3 as reflectance reference. UV-Vis absorption was expressed as the Kubelka-Munk function -F(R). Assuming indirect transition for the fundamental absorption of anatase and layered titanates [18] , the apparent bandgap energies were obtained by plotting (F(R)hν) 1/2 against hν (photon energy) and extrapolating the straight line portion of the UV-Vis spectra to (F(R) 
Measurement of photocatalytic activity
All samples produced (Table 1 ) and the benchmark Degussa P-25 were evaluated under the same experimental conditions.
The gas flow and reaction vessel set-up was constructed in-house and is depicted in Fig. 1 . A gas stream containing 100 ppm of NO, balanced with ultra-high He (99.999%), was used as substrate of the photocatalytic reaction. The gas was passed at 15 mL min -1 through a tubular photoreactor (int. diameter = 4 mm) made of UV grade synthetic fused silica with approximate thickness 2 mm and filled with 100 mg of catalyst powder, surrounded by three equidistant UV lamps of 3×8 W (Fig. 1) . NO conversion was monitored on-line using an Agilent Gas Chromatograph equipped with Table 1 . Sample labels, their synthetic conditions, catalytic activity and physical properties.
* MCS = mean crystal size
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Mass Spectrometer (GC-MS), model 7890A-5975C. The reactant gas flow was first passed through the catalyst bed in the dark for 30 minutes until NO adsorption was completed and equal NO concentrations at the inlet and outlet of the photoreactor were achieved. Thereafter the catalyst in the photoreactor was irradiated for 120 min, until steady state was achieved, and the percentage of NO consumed was calculated by material balance. Repeatability of the photocatalytic conversion measurements was estimated as ±5% on a relative basis.
Results and discussion
Precursor: trititanate nanotubes (TTNTs)
The sample A1 is solely composed of nanotubular layered hydrogen trititanates (H 2 Ti 3 O 7 ) as can be verified from XRPD and TEM results ( Fig. 2 ) and in agreement with previous studies [17] [18] [19] . Furthermore, the high specific surface area (300 m 2 g -1
) and the band-gap energy (E g ) of ~ 3.3 eV (Table 1) are compatible with previously reported values found in proton exchanged TTNTs [5, 12, 13, 17, 19, 20] .
TiO 2 -based nanomaterials obtained by thermal treatment of H-TTNT
The XRPD phase evolution ( Fig. 3a) of the sample A1 calcined at different temperatures ranging from 250 to 550°C followed the same path as previously established by Morgado et al. [12] . As expected, band-gap energy (E g ) slightly decreases from 3.3 eV to 3.2 eV as a consequence of anatase formation (Table 1) . TEM analysis of the samples A2 and A3 retained the nanotubular morphology as presented elsewhere [12] , while A4 is a mixture of nanotubes with anatase nanorods. At 550°C (sample A5) the morphology is changed almost completely to nanorods (Figs. 3b, 3c) , along with total phase transformation into TiO 2 -anatase form (HRTEM /SAED), in accordance with XRPD data. The appearance of these crystals in nanorod form suggests that the anatase formed through calcination of H-TTNT for 2 h does not adopt its equilibrium crystal shape in the form of truncated bi-pyramid [23-25].
TiO 2 -based nanomaterials obtained by acid treatment of H-TTNT
From the samples treated at 80°C only the one experiencing the lowest pH (A6 -pH=0.5) was completely transformed into anatase (Fig. 4a) . The two other samples prepared at higher pH conditions (1.5 and 3.0) were only partially converted to anatase (A7) or did not change at all in crystal structure (A8), maintaining the layered trititanate structure. On the other hand, the samples produced at 150°C were all completely transformed into anatase (Fig. 4b ). Rutile and brookite were not observed in any of the two groups of products. The lowest mean crystal size of anatase (6.2 nm) was found for sample A6, while samples A9 -A11 ranged between 13.2 and 17.7 nm (Table 1) . The lowest anatase crystal size exhibited by sample A6 is compatible with its high surface area of 301 m 2 g -1
, which is as high as that of its nanostructured titanate precursor. The surface areas of samples A9, A10 and A11 are similar to the areas of the calcined samples A4 and A5 (Table 1) . They are all relatively high when compared to typical values of commercial titanias, including those designed for catalytic purposes (e.g. TiO 2 -P25). It is particularly relevant for the discussion in this paper to notice that the area of sample A11 (108 m 2 g -1
) is practically the same as the area of A5 (110 m 2 g -1 ), although synthesized via distinct routes.
Band-gap energies, E g , (Table 1) , measured at ~ 3.2 eV, are typical of bulk anatases. The only exception was sample A9, which suffered a red-shift (E bg = 2.9 eV) obviously caused by the contamination with chromium. No sign of any quantum confinement effect on anatase E g was noticed for any of the nanostructured TiO 2 samples synthesized in this work.
TEM analysis of A6 sample indicated that anatase consists mainly of equidimensional nanoparticles smaller than 10 nm (Fig. 5a ), in accordance with the mean crystal size estimated by XRPD (Table 1) . The form and the size of these nanoparticles are very similar to those of anatase produced through the solgel process [26] . On the other hand, the morphology of the pure anatase samples produced at 150°C (A9-A11) is rather different, consisting predominantly of truncated bi-pyramidal crystals, as illustrated in Figs. 5b, 5c for sample A11.
Three main events of mass loss could be identified in thermogravimetric analysis (TGA) as shown in Fig. 6 . The temperature ranges 30-150°C; 150-550°C and 550-1000°C were established and their losses analyzed ( Table 2 ). The samples obtained through calcination did not present a significant mass loss above 550°C, whereas some samples produced through acid post-treatment exhibited considerable mass loss above this temperature. This fact could be associated with the sulfur content, which was negligible on samples A5, A11 and P-25 but very significant in the samples A6, A7 and A10 (sulfur expressed in percentage of SO 4 in Table 2 ). Since the calcined samples (A2-A5), free of sulfur, showed very small but finite loss of mass above 550°C, their average mass loss within this range was used for correction of the mass losses above 550°C observed in the specimens post-treated with acid (A6 to A11), Table 2 . Correlating the corrected mass losses above 550°C and the percentage of SO 4 found in the specimens A5-A7, A10, A11 and P-25, a good linear relationship has been established with R2 = 0,9823, indicating that the mass loss above 550°C could be attributed to SO 4 decomposition. As a matter of fact, mass losses above 550°C were recently reported for sulfurdoped nanosized TiO 2 [27, 28] corroborating this interpretation. 
Photocatalytic activity
The photocatalytic activities are reported in Table 1 and graphically compared in Fig. 7 on a relative basis, having TiO 2 -P25 as the reference with activity arbitrarily established as 1.0. According to their relative activities the samples were divided into a low activity group (red bars) and a high activity group (green bars). The least active samples (A1-A3, A7-A9) showed activities less than half of that of the benchmark P-25, while the more active samples (A4-A6, A10 and A11) produced activities between 0.8 and 1.2 times the TiO 2 P-25 activity.
A common aspect of all low activity samples other than A9 is the presence of nanotubular layered titanates as the dominant crystal phases. It is well documented in the literature that pure layered titanate 1-D nanostructures obtained through the alkaline hydrothermal route are generally poor photocatalysts for oxidation of organic molecules [7, 8, 13, 29] although it strongly depends on the pollutant [9] . It is therefore not surprising to find that this material also possesses limited photocatalytic activity for the abatement of inorganic toxic gases, such as NO. TiO 2 -based photocatalysis is a complex process depending on many different factors, such as a) surface area (photo-oxidation is a surface based chemical reaction); b) type of TiO 2 polymorph (different affinity to water species); c) E g and type of band gap; d) mean crystal size (nanometric sizes might lead to increase of redox potential); e) type of crystallographic facets (higher energy facets are more active); f) type of defects (surface or volumetric); g) ability to form oxygen-based active species (main active species in mineralization of toxic compounds); h) existence of TiO 2 phase mixtures (decreasing recombination), and i) impurities, just to mention some of them. Therefore, although TTNT is a semiconductor with remarkable surface area and thus promising for photocatalytic purposes, there is a vast number of other factors that could negatively affect its photocatalytic activity. Although this study did not focus on the origins of low photocatalytic performance of TTNT materials it is worth noting a very recent study of Ribbens et al. [9] suggesting a possible origin for the low photoactivity of H-TTNTs, which they attribute to the predominant formation of Ti 3+ centers by trapping of electrons at Ti 4+ sites, but without significant amounts of reactive oxygen-based species, known to play an important role in the photocatalysis. The formation of these active oxidant species is believed to be generated through the following reactions [30] :
(1) is the electron promoted to the conduction band and h
the hole generated in the valence band. Failure to generate species like O 2 -on the trititanate nanotubes could be a reasonable explanation for the lower photocatalytic activity of samples A1-A3, A7 and A8 toward photoconversion of NO. The larger amount of defects in the poorly crystalline structure of H-TTNTs could be another reason, since such defects might act as recombination centers for photogenerated electrons and holes, thus resulting in a decrease in photocatalytic activity [31] . Certainly, further studies would be necessary in order to elucidate the role of the other aforementioned factors on the photocatalytic performance of hydrogen TTNTs.
Sample A5, obtained by complete thermal transformation of TTNT into anatase, showed the highest photoactivity for NO oxidation, about 20% higher than that exhibited by the benchmark titania P-25. Its counterpart A4 showed high activity, but still ~20% below the activity of P-25. Despite developing anatase and achieving higher surface area than A5, sample A4 is not purely anatase, but contains a significant amount of TiO 2 -B. The literature on photocatalytic activity of TiO 2 -B is scarce. However the available reports are in agreement that this titania polymorph shows inferior photocatalytic performance when compared to anatase [32, 33] . A possible explanation for the reduced activity of TiO 2 -B is a lower ability to regenerate surface OH groups by adsorbing and dissociating water molecules [33] . Therefore, the presence of TiO 2 -B in sample A4 is the likely reason for its inferior activity relative to sample A5.
The pure anatase samples synthesized in this work via the acidic treatment of TTNT (A6, A9, A10 and A11) showed singular characteristics that deserve a separate discussion. Samples A6, A10 and A11 (Fig. 7) produced the same photocatalytic activity, about 10% lower than that achieved with P-25, even though their surface areas are significantly different from each other. We speculate that this is related to the intrinsic correlation between their surface areas and sulfate contents as depicted in Fig. 8 to enhance the photocatalytic activity, the concomitant increased content of SO 4 strongly bonded to the surface of samples prepared at low pH conditions, especially at pH = 0.5, is likely occupying surface hydroxyl sites, reducing site availability or hindering contact of active species (
• OH and O 2 -) with the adsorbed NO molecules, thus inhibiting to a certain extent the following photooxidation reactions [34] :
Therefore, there is a clear compromise between sulfate load and surface area in this group of samples, which led to their similar photocatalytic activity (Table 1) . However, sample A9, which belongs to this group and also featured anatase as the only phase present, did not follow this dependence, showing much poorer activity. A9 might have been expected to exhibit similar photocatalytic activity to A10, due to their similar sulfur content and surface area (Fig. 8) . This discrepancy was ascribed to the significant contamination of sample A9 with chromium as described in the experimental section and confirmed by its modified UV-Vis measurement. Under UV light irradiation, the increasing Cr content can lead to gradual decrease in the photocatalytic activity of anatase; this has been attributed to the formation of crystal defects (oxygen vacancies, V O ..
) caused by partial aliovalent substitution of Ti 4+ in the TiO 2 lattice by Cr 3+ through the following defect chemical reaction formalism:
These act as recombination centers for the photogenerated electrons and holes [35] . Some authors report that photocatalytic reaction over TiO 2 under UV irradiation can be promoted by chromium doping but that activity quickly decreases at higher concentrations of dopant Cr 3+ (e.g. >0.3 wt% Cr) [36] . It became evident that the specimens post-treated in low pH conditions (such as A6, A9 and A10) combine desired properties for photocatalytic purposes, such as high surface area and anatase as TiO 2 crystalline phase. Their actual performance, however, demands further research in order to find improvements through elimination of SO 4 and other undesired contaminants. 
30-150°C
150-550°C
550-1000°C
A2
calcined 250°C Table 2 . TGA mass losses as a function of temperature range and SO 4 wt% estimated by TGA and determined by LECO.
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Effect of anatase crystal morphologies and crystallographic facets on their photocatalytic activity
The comparison between samples A5 and A11 in this work has drawn special attention. Despite their very similar chemical ( Table 2 ) and physical properties (Table 1) , such as XRD feature (pure anatase with similar crystal size), surface area and bandgap energy, it was observed that sample A11 shows significantly lower photocatalytic activity (~30%) as compared to sample A5 (Table 1 and Fig. 7) ; the former less active and the latter more active than the commercial benchmark TiO 2 P-25. It is particularly relevant to understand, for further development of TiO 2 -based photocatalysts, the reason(s) for such different catalytic behavior, and to find out the key parameter behind it. For this purpose the use of Transmission Electron Microscopy (TEM) is of crucial importance. A relevant difference between A5 and A11 samples, noticed from TEM images (Figs. 3b, 3c and 5b, 5c) , is the morphology of anatase nanocrystals. In the A5 specimen anatase nanocrystals adopted nanorod morphology, while in A11 truncated bi-pyramids were formed. Morphological evolution of anatase, as of any other crystal phase, is driven by reduction of surface energy by privileging crystallographic facets with the lowest surface energies. It is known from theoretical calculations [37, 38] that in the anatase structure the (101) plane is the thermodynamically most stable facet with surface energy (γ) of 0.44 J m -2 , while the other two low-index planes (100) and (001) show higher surface energies, 0.53 J m -2 and 0.90 J m -2 , respectively. A simple model for calculation of surface energies, ignoring interactions due to higher order neighbors [39] , is given by:
where N S is the number of broken bonds per unit area; E O is the bond energy. Applying the Wulff construction a γ-plot is obtained and consequently the equilibrium shape of anatase crystals is established as truncated bi-pyramid, Fig. 9 , composed predominantly (~94%) of eight {101} facets and two {001} facets [24] , as observed in the sample A11 (Figs. 5b, 5c ). The formation of this equilibrium morphology is induced by the preparation route, which involves an acid hydrothermal treatment and the mechanism via dissolution of H-TTNTs and crystallization (precipitation) of anatase nanoparticles. The preliminary phase of this process can be represented by the specimen A6 formed at mild reaction temperature, which resulted in the nucleation of nanocrystals of equidimensional shape (Fig. 5a) . However, further aging at more severe conditions, as experienced by A11 specimen, gives rise to a prevailing crystal growth over [001] direction due to the high surface energy of {001} inducing shrinkage of this plane and maximization of low energy facets {101}, thus resulting in the equilibrium shape (Fig. 9) [26] .
On the other hand, anatase formation from layered titanate nanostructures, through calcination at 550°C, occurs through difusional transformation in solid state. According to previous studies [12] , the proposed sequence of thermal phase transitions from H 2 Ti 3 O 7 nanotubes is:
It was also demonstrated that nanotubular morphology is preserved under heat treatment as long as the layered titanate crystal structure exists, whereas it is at least partially preserved in TiO 2 -B structure [12, 40, 41] . TiO 2 -B nanotubes in samples treated at 450°C can show two sets of lattice fringes as earlier seen in HRTEM images [12] : one with a spacing of 5.8 Å that corresponds to (200) planes comprising the nanotube walls and the other with a spacing of 3.56 Å, related to the (110) plane.
The A5 sample was thoroughly studied by TEM. The remains of untransformed TiO 2 -B nanorods (not detected by XRPD) could be barely observed (Fig. 10a) . The few existent TiO 2 -B nanorods were aligned with anatase nanorods so that the (200) 
The effect of anatase crystal morphology on the photocatalytic conversion of NO by TiO 2 -based nanomaterials was parallel to anatase (101) plane, suggesting that anatase nanorods were grown over TiO 2 -B nanorods (or nanotubes) assuming this particular orientation. Considering this orientation relationship and the angle that they make with the nanorod growth direction, one can demonstrate by means of the relations between two crystallographic planes for tetragonal (anatase) and monoclinic crystal systems (TiO 2 -B) [42] , that (011) planes of anatase and (110) planes of TiO 2 -B were almost parallel to each other, making a small angle of 10° between them. Since these two crystallographic planes were not easily observable in Fig. 10a , their position and mutual relationship were deduced in a schematic manner (Fig. 10b) . It is worth noting that the interplanar distances of these two planes, anatase (011) and TiO where γ is the interfacial energy, ∆Gv is the variation of volumetric Gibbs free energy and S(Θ) is the shape factor. That explains the influence of the intermediate precursor TiO 2 -B on the growth of anatase crystals with non-equilibrium shape, as obtained in the calcination of H-TTNT at 550°C (A5 specimen). Finally, a rationalization of the superior photocatalytic activity of the A5 sample should be offered. HRTEM in Fig. 11 illustrates a completely formed anatase nanorod in the A5 sample with clearly observable crystallographic planes (101) and (011) in [-1 -1 1] zone axis orientation. The most extended surface of anatase nanorods probably consists of the high energy facet (001), which in this image is tilted by ~30° away from the beam normal. The maximization of (001) facets in anatase nanorods formed during calcination of A5 sample might be a reasonable explanation for its higher photocatalytic activity in comparison to A11, since it is known that higher energy facets are more chemically reactive [43] . Higher photocatalytic activity of catalysts faceted with high energy planes is documented for different materials such as Pt [44] [24, 46, 47] . 
Conclusions
TiO 2 -anatase nanocrystals of different morphologies could be produced from thermal treatment or acid hydrothermal reaction of hydrogen titanate nanotubes (H-TTNT) under proper conditions. Those obtained in strong sulfuric acid media led to the highest surface area, but retained sulfate that negatively affected their photocatalytic activity in NO conversion. Even so, activity was only 20% lower than that achieved by the commercial TiO 2 -P25 photocatalyst. Combining milder acidic pH and more severe hydrothermal conditioning, a sulfate free anatase could be synthesized with the same optical property and specific surface area as the counterpart produced by calcination of H-TTNT at 550°C. However, a detailed TEM study revealed remarkable differences in their nanocrystal morphologies: the former with equilibrium crystal shape in the form of truncated bi-pyramid and the other adopting an elongated shape in the form of nanorods. This latter exhibited the highest photocatalytic activity for NO abatement, outperforming TiO 2 -P25. The improved activity was tentatively ascribed to the maximization of high energy {001} facets in anatase nanorods formed during calcination of H-TTNT, likely oriented by the one-dimensional structure of its precursor TiO 2 -B.
